This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. 
Introduction
Osteosarcoma is the most common malignant bone tumor, comprising 2.4% of all malignancies in pediatric patients [1] . Patients are usually treated with aggressive chemotherapy before and after surgery. Improvement of new surgical techniques and chemo-and/or radiotherapy regimens resulted in a 5 year survival rate of about 60% [2] .
However, patients that do not respond to chemotherapeutic regimens have a poor prognosis. Moreover, the frequent acquisition of drug-resistant phenotypes and the occurrence of second malignancies associated with chemotherapy remain significant obstacles to achieving favorable outcomes. Thus, the analysis of the underlying mechanisms of chemoresistance in osteosarcoma cancer cells to chemotherapy is critical for the development of novel treatment strategies for this disease.
Cisplatin (CDDP) is still one of the most effective and widely used chemotherapeutic agents against osteosarcoma due to its therapeutic advantages, such as effectiveness, simple administration and mild side effects. However, CDDP resistance often occurs in clinical practice [3] . Recent studies have shown some microRNAs were dysregulated in several types of cancer and contributes to tumor resistance to chemotherapy. MiRNAs, which are approximately 21-25 nucleotides in length, are shown to act as post-transcriptional regulators of gene expression by binding to complementary sites in the 3´untranslated regions (3´UTRs) of the mRNAs [4] . Some miRNAs were found to be down-or up-regulated in cancer cells characteristic of a CDDP resistant phenotype, such as breast cancer cells [5] , tongue squamous cell carcinoma [6] and germ cell tumors [7] . MiR-141 could counteract the apoptosis induced by CDDP in esophageal squamous cell carcinoma by targeting YAP1 [8] . On the contrary, up-regulation of miR-451 increases the sensitivity of non-small cell lung cancer cell line A549 to cisplatin [9] , and miR-148a could modulate the sensitivity of esophageal cancer cell lines to cisplatin [10] . These studies together highlight the need to study miRNAs which play important roles in CDDP chemoresistance in various cancers.
The miR-497 and miR-195 genes are located on the short arm of chromosome 17, more precisely at 17p13.1 [11] . Flavin et al. found that miR-195/miR-497 were downregulated in primary peritoneal carcinoma [12] . MiR-195 was found downregulated in chronic lymphocytic leukemia, bladder, gastric, prostate carcinoma, and hepatocellular, while miR-497 was found downregulated in human male breast carcinoma and prostate carcinoma [13] . In addition, Zhu et al. found that miR-497 was downregulated in human drug-resistant gastric and lung cancer cell lines, compared with their each parental cell lines [14] . Our previous work has shown that miR-497 is under-expressed in primary osteosarcoma tumors. However, the molecular details of miR-497 in osteosarcoma development and response of osteosarcoma cells to chemotherapy remain unclear. In this report, we shown that miR-497 targets VEGFA and is frequently downregulated in osteosarcoma. In addition, we demonstrated that downregulation of miR-497 was associated with elevated activation of PI3K/Akt signalling and cisplatin resistance in osteosarcoma cells.
Materials and Methods
Patients and tissue samples A total of 14 primary osteosarcoma and corresponding noncancerous tissue samples from the same specimens were collected from the Department of Pathology, Soochow University Affiliated Children's Hospital between 2010 and 2013. Primary osteosarcoma and corresponding normal bone tissues were immediately frozen in liquid nitrogen and stored at −70 °C until use. No patients had received chemotherapy, radiotherapy or blood transfusion before surgery. The clinicopathologic variables such as age, gender and the histologic type were retrospectively reviewed on the basis of the medical records. The samples were used with the written informed consent from patient and the approval of the ethic committee of Soochow University Affiliated Children's Hospital.
Cell culture
Human osteosarcoma cell line SAOS-2 cells were purchased from ATCC (American Type Culture Collection, MD, USA). The cells were cultured in Dulbecco's modified Eagle's Medium (Gibco RL, Grand Island, NY, USA) supplemented with 100 U/ml penicillin, 100 mg/ml streptomycin and 10 % fetal bovine serum and were cultured at 37 °C in a humidified 5 % CO 2 atmosphere. Normal human osteoblasts were isolated and cultured as previously described [15] . 
Cellular Physiology and Biochemistry
Quantitative real-time RT-PCR Total RNA was extracted from cells or tissues using Trizol according to the manufacturer's protocol. Total RNA was reverse transcripted from 50ng total RNA with MMLV high performance reverse transcriptase using following primers: RT-miR-497: 5'-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA CAA AC-3'; RT-U6:5'-CGCT TCACG AAT TTG CGT GTC AT-3'. miR-497 forward, 5'-GTG CAG GGT CCG AGG T-3', miR-497 reverse, 5'-TAG CCT GCA GCA CAC TGT GGT-3'; U6 forward,5'-GCT TCG GCA GCA CAT ATA CTA AAA T-3', U6 reverse, 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'. Real-time PCR was performed using the standard SYBR Green Assay protocol by the 7500 Real-Time PCR System (Applied Biosystem). The 25 μL PCR reaction included 2 μL reverse transcription product, 1× PCR Master Mix (Takara, Dalian, China), 1 μmol/L forward primer and reverse primer. The PCR conditions were as follows: 95 °C for 3 min, 35 cycles of 95 °C for 15 seconds, 60 °C for 30 seconds, 72 °C for 30 seconds. The comparative Ct method for relative quantification of gene expression was used to determine miRNA expression levels. Each sample was analyzed in triplicate, and the levels of U6 RNA were used to normalize the miRNA levels. VEGFA mRNA levels were examined as previously described [16] .
Oligonucleotides transfections SAOS-2 cells were plated in 6-well plates (6 × 10 5 cells/well), 100 nM of the miR-497 mimic, 100 nM of the miR-497 inhibitor or 100 nM miRNA negative control was transfected into SAOS-2 cells using lipofectamine 2000 (Invitrogen, Long Island, NY, USA) according to the manufacturer's protocol, respectively. The miR-497 mimic, miR-497 inhibitor, and miRNA negative control were chemically synthesized by Shanghai GenePharma Company (Shanghai, China). The sequences of the miR-497 mimic, miR-497 inhibitor, and miRNA control were described previously [14] .
Cell viability assay SAOS-2 cells in logarithmic growth seeded at a density of 4× 10
3 well into 96-well plates and were transfected with miR-497 mimic, miR-497 inhibitor or siVEGFA with their corresponding controls. After incubating the cells for the specified time, a cell proliferation assay was performed using Cell Counting Kit-8 (CCK-8) (Beyotime, Haimen, China) according to the manufacturer's instructions. The solution absorbance was measured spectrophotometrically at 450 nm with iMark™ Microplate Absorbance Reader (Bio-Rad, Hercules, CA, USA). The experiments were performed in triplicate.
Colony formation assay 2 ml cell suspensions (1,000 cells) were seeded in six-well plates, into three repeat wells. The cells were then incubated for 14 days and fixed with 4% paraformaldehyde (Beyotime, Haimen, China) and stained with crystal violet (Sigma-Aldrich). The colony formations (≥50 cells) were counted using an Olympus microscope IX73 (Olympus, Tokoyo, Japan).
Apoptosis Assay
The ratio of the total apoptotic cells was detected by the Annexin V-FITC apoptosis detection kit (Beyotime, Haimen, China). Briefly, after 72 hours treatment, the SAOS-2 cells were collected and washed twice with ice-cold PBS buffer, re-suspended in 150 µL of binding buffer, incubated with 10 µL of Annexin V conjugated to FITC and 10 µL PI for 20 min at room temperature, and analyzed by flow cytometry. Hoechst33258 was also used for the evaluation of the apoptosis. The cells were exposed to 5µg/ml Hoechst 33258 for 15 min at room temperature under dark conditions. Subsequently, the apoptosis was detected under an Olympus fluorescence microscope IX73. Apoptotic cells were characterized by morphological changes, such as cell shrinkage, nuclear condensation, and fragmentation.
Luciferase activity assay A fragment containing the 3'-UTR of human VEGFA (isoform a, NM_001025366.2), was amplified from human genomic DNA using the following primer pair: 5′-ATC TCA GCA TGC CTG GTC AGT TAC CTA CTA ATA GCG GGC CTG-3′ and 5′-GCC CTG AGT GCT GAG CGA TCA AGT GTC ATT TGA CGT ATC GCT-3′. pGL3-VEGFA-wild reporter was created by ligation of PCR products of 3′UTR of VEGF-A was cut with XbaI and cloned into the corresponding sites of the pGL3 vector. The QuikChange Site-Directed Mutagenesis Kit (Stratagene) was used to introduce the mutation in the putative miR-497 recognition element according
to the manufacturer's recommendations. Cells were seeded in 24-well plates at 5×10 4 cells per well the day before transfection. Luciferase reporter (500 ng), 50 pmol (miRNA-497 mimics or NC) and 40 ng of pRL-TK Renilla Luciferase Reporter Vector (Promega) were added in each well. Cells were collected 48 h after transfection and luciferase activity was measured using Promega Dual-Luciferase ® Reporter Assay system.
Western blot analysis
Proteins were separated by SDS-PAGE, transferred to polyvinylidene difluoride (PVDF) membranes (Millipore, Bedford, MA, USA). Blots were blocked with TBST containing 5% non-fat dry milk for 1 h and then probed with antibodies against VEGFA(1: 1000 dilution; Abcam, Cambridge, MA, USA), AKT (1: 1000 dilution; Santa Cruz Biotechnology, CA, USA), phospho-AKT (Ser473; 1: 400 dilution; Santa Cruz Biotechnology, CA, USA), mouse anti-GAPDH, (1: 5000 dilution; Santa Cruz Biotechnology, CA, USA). After washing, the blots were incubated with horseradish peroxidase-conjugated secondary antibodies (Beyotime, Haimen, China) and visualized by super ECL detection reagent (Applygen, Beijing, China).
siRNA transfection
The VEGFA siRNA (siVEGFA, sense strand 5′-CCG AAA CCA UGA ACU UUC UTT-3′ and antisense strand: 5′-AGA AAG UUC AUG GUU UCG GTT-3′) and scramble siRNA (sense strand 5′-UUC UCC GAA CGU GUC ACG UTT-3′ and antisense strand: 5′-ACG UGA CAC GUU CGG AGA ATT-3′) were synthesized by Shanghai GenePharma Co. (Shanghai, China). SAOS-2 cells were plated into 6-well plates and allowed to grow to 70 % confluent. Cells were transiently transfected with the siRNA using Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA) in OPTI-MEM medium (Gibco) according to the manufacturer's recommendations for 12 h, and then incubated and used for further experiments.
Tumor xenograft model
In vivo experiments were performed in strict accordance with the guidelines of the National Laboratory Animal Center. SAOS-2 cells were pre-treated with the miR-449a mimics (50 nM) or NC. 1 × 10 7 transfected SAOS-2 cells were injected subcutaneously in the flanks of SCID mice as described previously [17] . The length and width of the tumors were measured every 5 days using a digital caliper and tumor volume was calculated as follows: large diameter × (small diameter) 2 × 0.52. After 35 days, tumor samples were carefully removed.
Statistical Analysis
Data are presented as mean ± SD. All statistical analyses were performed using SPSS13.0 software. The differences between groups were compared using Student's t-test. Statistical difference was accepted at P<0.05.
Results

MiR-497 is down-regulated in osteosarcoma tissue samples and osteosarcoma cell lines
The diagnosis of osteosarcoma was made by H&E-stained samples from the patients (original magnification, ×100) (Fig. 1A) . Expression of miR-497 in 14 osteosarcoma tissue samples and matched non-tumor normal tissue samples were detected by qRT-PCR. MiR-497 was significantly down-regulated in osteosarcoma tissue samples compared with adjacent normal tissues (Fig. 1B) . Similarly, expression of miR-497 in the osteosarcoma cell line SAOS-2 was significantly decreased compared with that in normal human osteoblasts (Fig. 1C) .
Overexpression of miR-497 inhibits, while knockdown of it promotes SAOS-2 cell growth
The proliferation rates of SAOS-2 cells with enhanced or silenced expression of miR-497 were determined via CCK-8 assay. After 72 hours of treatment, CCK-8 assay was performed. SAOS-2 cells with overexpression of miR-497 by transfected with miR-497 mimic significantly inhibited proliferation as compared with blank cells or cells transfected with the negative control, respectively ( Fig. 2A and 2B) . In contrast, miR-497 antisense oligonucleotide (ASO) transfected cells proliferated at a significantly higher rate as compared with blank cells or cells transfected with the negative control, respectively (Fig. 2C and 2D) . Colony formation
Involvement of miR-497 in cisplatin resistance in SAOS-2 cells
Next, we examined whether miR-497 was capable of enhacing cisplatin-induced cytotoxicity. SAOS-2 cells were transfected with miR-497 mimics or miR-497 inhibitors. The cells were treated with 2 µM cisplatin for 48 h. CCK-8 assay showed that compared with NC group, overexpression of miR-497 markedly increased cisplatin-induced cell cytotoxicity in SAOS-2 cells (Fig. 3A) . Whereas the SAOS-2 cells transfected with the miR-497 inhibitors exhibited a significantly increasing resistance to CDDP compared with the controls (Fig. 3B) . We quantified cisplatin-induced apoptosis of miR-497 mimics, miR-497 ASO and negative control transfected Saos-2 cells. As shown in Fig. 3C and 3D , miR-497 mimics transfected Saos-2 cells treated with 2 µM cisplatin had higher rates of apoptosis than the negative control transfected cells. But Saos-2 cells transfected with miR-497 ASO had lower rates of apoptosis than the negative control transfected cells. Similarly, the miR-497 mimics transfected group showed increased numbers of Hoechst 33258 positively stained cells 48 h after treatment, indicating an enhanced apoptotic activity. The results indicated that miR-497 was involved in cisplatin resistance in SAOS-2 cells. 
Re-expression of miR-497 could modulate the sensitivity to cisplatin in SAOS-2 cells in vivo
To investigate whether re-expression of miR-497 is useful in modulating the sensitivity to cisplatin in vivo or not, we established SAOS-2 cells subcutaneous xenograft tumor model in nude mice. Twelve days after inoculation, the mice were treated with cisplatin alone or in combination with miR-497 mimics. In the combination group, as detected by real-time quantitative reverse transcription, miR-497 levels were markedly increased in tumor when compared with negative control group (Fig. 6A) , suggesting that miR-497 mimics effectively increased miR-497 expression in tumor in vivo. The growth curves of xenografts showed that tumor masses in mice who received combination therapy grew more slowly than those in cisplatin alone group. At the start of treatment (10 days after inoculation), there was no statistically significant difference between these two groups. Five days after the first administration of cisplatin, there was a significant difference in the median tumor size between these two groups (P<0.05) and it increased as the treatment continued. 35 days after inoculation, the tumor size in mice who received combination ). There is a significant difference between these two groups (P<0.05).
Discussion
Accumulating evidence has demonstrated that miRNAs may exert functions as oncogenes or tumor suppressors in human cancers via modulating the expression of their targets [18, 19] . Therefore, better understanding of the physiological and disease-associated mechanisms of these small, single-stranded RNAs may provide a new way for diagnosis and therapy for various diseases, including cancers. In this study, we provide important evidence that miR-497 plays an important role in tumor proliferation and sensitivity to cisplatin in osteosarcoma.
Some studies have been conducted to investigate the important roles of microRNAs in OS using miRNA expression profiles. A study from Maire et al. performed miRNA expression profiling of seven OS samples and suggest that miRNAs provide a novel regulatory mechanism for the expression of specific genes and pathways relevant to osteosarcoma [20] . MiR-497 belongs to the miR-15/16/195/424/497 family. Members of this miR family share the same 3' untranslated region (3'UTR) binding seed sequence and have been were found to sensitize cisplatin-resistant cells to apoptosis. Previous studies showed that miR-497 functions as a tumor-suppressor and is down-regulated in several kinds of tumors, including cervical cancer, colorectal cancer, and prostate cancer [11, 21, 22] . Similar results were also observed in breast cancer, in which miR-497 was significantly downregulated in breast cancer and miR-497 suppressed breast cancer cells proliferation and invasion [23, 24] . A recent study by Shen et al. suggested that miR-497 inhibited cellular growth, enhanced the percentage of early apoptotic cells and inducedG0/G1 cell phase arrest of MCF-7 cancer cells and the up-regulation of miR-497 resulted in the decrease of Bcl-w at the mRNA and protein levels [25] . However, whether miR-497 regulates target genes to control osteosarcoma cells growth and sensitivity to cisplatin is still unknown. In the present study, we found miR-497 was significantly down-regulated in osteosarcoma tissue samples and the osteosarcoma cell line SAOS-2 compared with adjacent normal tissues and normal human osteoblasts. Furthermore, overexpression of miR-497 significantly inhibited SAOS-2 cells proliferation and enhanced the sensitivity to cisplatin. These results demonstrated that miR-497 plays a role as a tumor-suppressor in osteosarcoma.
Constitutive activation of PI3K/Akt pathway has been found in a variety of diseases, including many malignancies and contributes to tumor cell survival [26, 27] . Inhibition of PI3K-Akt pathway by pharmacologic approach could lead to restoration of drug sensitivity in many cancer cell lines including osteosarcoma cells [28] [29] [30] .The up-regulation of this signal pathway was also suggested to increase resistance to chemotherapy agents [27] . But the role of PI3K-Akt pathway in cisplatin sensitivity in different cancer cell lines is inconsistent. PI3K/AKT signal pathway has been shown to be crucial for the survival, proliferation, invasion, and migration of human cancer cells induced by VEGFA [31] . Zhu et al. found that increased expression of miR-126 enhanced the sensitivity of NSCLC cells to chemotherapy agents through negative regulation of the VEGF/PI3K/Akt/MRP1 signaling pathway [32] . Results from another study suggest that Eag1 siRNA could inhibit tumor growth and angiogenesis in osteosarcoma through modulating the activation of VEGF/ PI3K/AKT signaling [33] . Similar to their results, we found the protein levels of VEGFA were up-regulated in osteosarcoma tissues and in the osteosarcoma cell line SAOS-2 compared with adjacent nontumorous osteosarcoma tissues and normal human osteoblasts. The results demonstrated that the overexpression of VEGFA was associated with osteosarcoma. Bioinformatics analysis confirmed that VEGFA was a direct target gene of miR-497 in this study. LY294002 treatment inhibited phospho-Akt protein levels induced by miR-497 inhibitors, and abolished miR-497 inhibitors-inducing Akt activation leading to subsequent decrease of BCL-2 and CCND1 protein levels. These results suggested that miR-497 could modulate proliferation and apoptosis through VEGFA/PI3KAKT pathway in SAOS-2 cells.
In summary, our study demonstrated that downregulation of miR-497 induced cell survival and cisplatin resistance at least through PI3K/Akt pathway in human osteosarcoma by direct targeting VEGFA. We also provided direct evidence that the miR-497 mimic was a new potential therapeutic approach in osteosarcoma. Further studies are needed to confirm the roles of miR-497 and other miRNAs in osteosarcoma cells.
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